Introduction
The treatment of non-small cell lung cancer is defined in primarily localized and metastatic disease. Surgery, radiation therapy and chemotherapy are applied depending on the extent of the disease. Solitary metastasized situations with relatively long survival times have been described [1] [2] . By definition, these cases are considered as a metastasized status but still may be regarded as a loco-regional tumor progression. Treatment decisions in these situations are always individual, dependent on the patients' preference, and require a great deal of experience in the use of either treatment method. In most cases, repeated surgery and/or chemotherapy are proposed. Recently, also repeated radiation treatments are considered if there is not too much of dose overlap and/or a small clinical target volume involved. Repeated radiation treatments in the same lung localization are not yet well-defined and biological tissue effects, such as late toxicity, are described [3] [4] . We here present a rare case of a lung cancer patient who was treated over twenty-six years with surgery and multiple radiation treatments, mainly in the region of the right middle lobe. Until 2005, the patient was stable and then developed a suspected recurrent tumor formation in the right middle lobe (segment 5) and near the aortic arch in the left lung, diagnosed by PET/CT imaging. These lesions proved to be tumor tissue in the following bronchoscopic biopsy. No other tumors were found.
Date
Because of the bilateral tumor expansion, the patient was not considered as a surgical candidate. Chemotherapy was not applied due to the surprisingly long follow-up period without tumor progression. The patient was set on a wait-and-see strategy by the responsible oncologist. In the following CT investigation in 2007, there was documented progressive tumor growth of both lesions without evidence of any new tumor formations in the lung and systemically (Figure 1 ). The interdisciplinary tumor board suggested performing a single session radiosurgery for the right-sided lung lesion and small field conventional radiation therapy for the left-sided paraaortal lesion. In March 2007, CyberKnife radiosurgery of the right-sided tumor was performed after CT-guided fiducial implantation with 24 Gy (75% isodose) ray tracing dose calculation using a margin of 4 mm (CTV, 13.2 cc). The recalculated dose with the later available Monte Carlo algorithm for inhomogeneity correction was 18 Gy to the 60% isodose. In addition, the paraaortal lesion was treated by hypofractionated three-dimensional conformal radiotherapy (five fractions, 7 In April 2011, the patient developed hemoptysis. The cytological evaluation showed malignant cells of adenocarcinoma. Again, parts of the right-sided middle lobe were treated by hypofractionated radiotherapy with 6 x 8 Gy using an eight field technique (conventional LINAC). About 15 cc of the anterior target volume had received up to now a cumulative dose of approximately 140 Gy. Interestingly, again this therapy was associated with little adverse events (mild nausea).
The last follow-up control, as of April 2012, showed reduced tracer uptake at all treated areas of the lung without evidence of new tumor formations.
FIGURE 2: Last PET-CT April 2012
Complete remission of the left para-aortic tumor and reduced tracer enhancement in the right lung after multiple radiation treatments.
Discussion
The course of the disease of this 76-year-old woman and the treatment methods selected are very unusual and were based on individual treatment decisions by the responsible physicians and the patient, whose husband is a physician himself and was not in favor of any systemic chemotherapy regimes. Over 26 years, the bronchio-alveolar carcinoma was treated only with local therapy, initially surgery, and then repeated radiosurgery and hypofractionated radiation therapy. Segment five of the right lung (lower and middle lobe) was treated four times by radiotherapy with overlapping fields. A volume of 15 cc received a cumulative dose of 140 Gy, administered initially with SRS (CyberKnife) and then with SBRT regimens using hypofractionated radiotherapy. Between each course of treatment, a minimum time of 15 months elapsed. At no time was a Grade 3/4 toxicity observed.
Little information on re-irradiation is currently available in the literature.
Dworzecki, et al. [5] described just recently the feasibility of re-irradiation with cumulative doses above 110 Gy with acceptable toxicity using stereotactic radiotherapy in the lung. Serious side-effects with massive lung bleeding after re-irradiation of central lung tumors was described, mainly in large target volumes and central tumor locations, by Peulen, et al. [4] . In our case, temporary hemoptysis occurred in April 2011 which was most probably induced by local tumor recurrence (malignant cells found after cytologic evaluation) and not regarded as late radiation toxicity.
It may be speculated that the 15 month time intervals between each radiation treatment allowed tissue regeneration and accounted for the acceptable toxicity we found up to now. The real impact of time intervals needs to be studied in better established prospective protocols and cannot be answered in the framework of this case study. Tada, et al. [6] reported on the feasibility of repeated irradiations using longer time intervals.
Target volume definition becomes increasingly important with multiple radiation treatments [7] . We speculated that we defined too small a target volume in the right middle lobe, and therefore, local recurrences developed at the edge of the tumor repeatedly over time. On the other hand, it is well-known that increasing the target volume leads to increased risk of radiation-induced pneumonitis [3] . Therefore, a careful evaluation of the margins applied to the treatment volume has to be done case by case, taking into account individual patientrelated factors, such as size and location of the tumor, concomitant disease, local pretreatment, and systemic therapies.
Conclusions
The herein described case illustrated both the feasibility of multiple irradiations using SRS and hypofractionated radiotherapy and their effectiveness over time with acceptable treatment toxicity. Further studies are urgently needed to answer questions about the dose-volume relationship in terms of effectiveness and toxicity of multiple radiation exposures to the lung, and the influence of time intervals between radiation treatments.
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